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INTRODUCTION 


Habitat loss and fragmentation due to anthropogenic activities 
remain to be the gravest threats to general biodiversity loss 


ABSTRACT 


Cavite has remaining secondary lowland forest fragments that are believed to be 
either remnant from commercial logging activities ca. 25-45 years ago or as a direct result 
of land conversions for agriculture or human settlements. There have been no vegetation 
studies among these forest fragments except in Mt. Palay-Palay in 2004. The aim of the 
research was to describe these remaining forest fragments (in addition to Mt. Palay- 
Palay), their tree species diversity, composition, ecological assessment and current 
anthropogenic threats affecting these areas. Vegetation analysis was performed using the 
Point-Centered Quarter Method (PCQM) in 72 100-m transects in forest fragments with 
different habitats. Species diversity was computed using Shannon’s diversity index (H’). A 
total of 2,853 tree individuals belonging to 50 families, 127 genera, and 174 species was 
encountered. Species diversity indices (H’) in all forest fragments were high and their 
importance value indices (IVIs) fall within the range of IVIs of tropical forest inventories. 
Assessment of ecological status revealed that of the 174 species, 44 (25.3%) are 
endemic, 114 (65.5%) are native/indigenous, and 16 (9.2%) are exotic/introduced. Thirty- 
nine angiosperms are threatened representing 8.9% of all threatened angiosperms in the 
Philippines. Overall, Cavite’s remaining forest fragments are diverse in terms of tree 
species and all experience anthropogenic threats and it is highly recommended that they 
be protected and conserved including the diverse fauna and flora associated with these 
areas. 


2004, Achard ef al., 2002; Kartawinata ef a/, 2001, 1989; 
Potter, 1993). In particular, the Philippines has likely 
suffered the most devastating costs of large-scale 


(FAO, 2010; Jackson and Fahrig, 2013; Wu 2013). Human 
land uses include agriculture, settlement, industrialization and 
resource extraction (e.g. timber harvesting). Worldwide, 
Southeast Asia has the highest relative rate of deforestation 
of any major tropical region and many countries in this region 
have already lost vast stretches of forest particularly the 
lowland dipterocarp type (Woodcock ef al, 2011, 
Rademaekers ef a/, 2010; Hansen ef al., 2008; ITTO, 2008; 
Poffenberger, 2006, Avissar and Werth, 2005; Sodhi ef al., 
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deforestation (Heaney and Regalado, 1998) in Southeast 
Asia. Tumaneng-Diete ef a/ (2005) claimed that 
deforestation has reduced the forested land area from 56% 
in 1930 to approximately 21% of the total land area in 1991. 
An analysis of Philippine forest cover through LANDSAT 
ETM+ in 2000-2002 revealed that Cavite ranked 73" in the 
country in terms of total forest cover with 1,864 ha (1,852 
ha=broadleaf closed canopy + 12 ha =mangrove). This 
represents only 1.49% total forest cover compared to its 
land area of 124,720 ha (Walpole, 2010: table 3). 


Cavite is one of the provinces in the Calabarzon region - 
which is now regarded as an “industrial belt of the country” 
(oxfordbusinessgroup.com). Cavite (together with 
Batangas) now hosts the highest concentration of high-tech 
industries and electronics in the region. Historically, the 
province was not spared from logging and its remaining 


Volume 11 Issue 2 - 2017 


Philippine Journal of Systematic Biology | Causaren, R.M. et al: Tree Species Diversity of Forest Fragments in Cavite 


forest fragments are either remnants from commercial logging 
activities ca. 25-45 years ago or as a direct result of land 
conversions for agriculture or human settlements (Tumaneng- 
Diete ef a/, 2005; Liu ef a/, 1993). Biodiversity studies were 
focused mainly in Mts. Palay-Palay Mataas-na-Gulod 
Protected Landscape (henceforth ‘Mt. Palay-Palay’) and no 
vegetation studies have been done in the other forest 
fragments. The objectives of the study were 1) to identify 
Cavite’s remaining forest fragments (in addition Mt. Palay- 
Palay), 2) to determine diversity, composition and 
assessment (conservation and ecological) status of tree 
species of the fragments and 3) to identify current threats in 
these areas. Data that will be generated from this study can 
serve as baseline information to recommend measures for the 
conservation of these remaining forested areas. 


METHODOLOGY 


Identification of forest fragments and anthropogenic threats. 
The different forest fragments (Figure 1) were initially 
identified through interviews with local government officials of 
each of Cavite’s municipalities. Their presence were then 
validated by reconnaisance and described in terms of locality, 
coordinates, elevation, and forested area (in ha). The number 
of transects sampled from each forest fragment depended on 
the availability of habitats (Table 1). For each forest fragment, 
different anthropogenic threats were identified and 


documented. 





B Map of Cavite 
Showing the Forest Fragments 


























Figure 1. Map of Cavite (outlined in red) showing the forest 
fragments. Modified from Google Earth 2011. 


Vegetation analysis. Vegetation analysis was performed using 
Point-Centered Quarter Method or PCQM (Cottan and Curtis, 
1956) in 72 100-m transects in 6 forest fragments (Table 1). 
The PCQM used along line transects reflects maximum 
diversity and provides average values of density and tree size 
(Korning ef a/ 1990). Transects were established (at least 
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150 m apart) along selected areas of the fragments based 
on habitat types. Using this method, a 100-m transect was 
further subdivided into ten 10-m portions. At each point (with 
a total of 10 points) diameter-at-breast height (dbh; in cm) 
and distance (m) of the four nearest trees (with 2 10 cm dbh) 
in each quarter were measured. Tree species diversity was 
represented by the Shannon-Wiener index (H'). This yielded 
the importance value index (IVI) - the sum of relative density, 
relative dominance, and relative frequency of tree species in 
the different sites. IVI indicated the most important tree 
species in each forest fragment. 


Identification, classification, and assessment of tree species. 
Herbarium specimens were collected and processed 
following procedure for herbarium preparation adopted from 
Bridson and Forman (1992), Castro (2006), and Simpson 
(2006). Plants were identified and ecologically assessed as 
either endemic, native/indigenous, por introduced/exotic 
using these references: Madulid (1995), Fernando et al. 
(2004), Co ef a/. (2006), Pancho and Gruezo (2008), Flora 
Malesiana Series (1995-2007), and Co’s Digital Flora of the 
Philippines (Pelser et al. 2011). Specimens were also 
compared with those deposited in the Philippine National 
Herbarium (PNH). The identification of specimens was 
verified by Mr. Danilo Tandang of the PNH. Specimens were 
deposited in De La Salle University-Dasmarifas’ Herbarium 
at the Natural History Room and the PNH. The plants were 
classified into families using the Angiosperm Phylogeny 
Group (APG) IV of 2016. In terms of conservation status, 
trees were assessed as either vulnerable (VU), endangered 
(EN), critically endangered (CR), Other Threatened Species 
Lower Risk/near threatened (OTS LR/nt), Other Wildlife 
Species Lower Risk/least concern (OWS LR/Ic), and Lower 
Risk least concern (LR/Ic) based from IUCN Red List 2011 
and The National List of Threatened Philippine Plants and 
their Categories 2007 (DENR Administrative Order 2007-01). 


RESULTS AND DISCUSSION 


Forest fragments 

In addition to Mt. Palay-Palay, five secondary lowland forest 
fragments were identified (Figure 2). These areas have 
forest cover ranging from ca. 1 — 640 ha and were largely in 
lowland habitats with elevation ranging from 78-648 masl 
(Table 1, Figure 1). Two forest fragments, Evercrest and 
Kabangaan, are privately owned. Pintung Gubat was 
reported to be covered with 40 ha of forest but a mere ~1 ha 
remain (bordering riparian habitats) due to its conversion to 
agricultural lands. Buhay Forest, which was reported to be 
covered with 100 ha of forest, is only covered with ~ 5 ha of 
forest due to illegal logging, slash-and-burn or ‘kaingin and 
most especially charcoal-making. The forested areas of 
Indang (~ 1 ha) are limited to riparian edges. Mt. Palay- 
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Table 1. Description of the study sites with biogeographic and ecological variables. Data for area are estimates. 


Total no. Total % sampled 
: Forest 
: Forest : | Ејеу. Habitats of area area 
Sites Locality Coordinates | Cover . 
fragment (mas) available transects sampled  ,. relative to 
: (in ha) 
sampled (in ha) forest cover 
1 Buhay Brgy. San Agustin, 14°11'39.1" N 284 mixed forest 
Magallanes 120°42'51.1" E npanan 
forest 
natural forest 12 1.2 5 24% 
2 Evercrest Brgy. Amuyong, 14°03'41.0" N 550 natural forest 8 0.8 4 20% 
Alfonso 120°50'37.0" E 
3 Indang Brgy. Banaba Cerca, 14°13'19.2"N 125 7 4 0.4 1 40% 
Indang 120°50'45.5" E 
4 Kabangaan Brgy. Kabangaan, 14°11'57.8" N 378 agroforest 
Silang 121*0241.5" E 15 
forest 
natural forest 12 1.2 10 12% 
5 Aa Maragondon 14°14'22.0" N 648 agroforest 
Palay 
& Ternate 120°39'11.2"E mixed forest 
riparian 
forest 
natural forest 32 3.2 640 0.50% 
Pintung ə - riparian Š 
6 Gubat Brgy. Urdaneta, 14°10'19.0" N 78 forest 4 0.4 1 40% 
Magallanes 120°43'09.8" E 
Total number of transects 72 


Palay is the only protected area in Cavite (Proc. No. 1315) 
and forest cover is only a mere 16% (Environmental Science 
for Social Change, 2010) from a previously reported 62.5% 
(DENR, 1992). 


Species diversity 

A total of 2,853 tree individuals belonging to 50 families, 127 
genera, and 174 species was encountered in 72 transects 
from the forest fragments (Table 2). Table 4 lists these taxa 
by families, common names, ecological status, and IUCN's 
Red List category. Species diversity in all forest fragments 
was high as shown by their Shannon’s diversity index (H’) 
values which were within the range of 1.5 to 3.5 (Magurran, 
1988) and even higher as in the case of Buhay, Kabangaan, 
and Mt. Palay-Palay. Mt. Palay-Palay is the most diverse 
(containing the most rare species) among all fragments as 
indicated by its H’ value of 4.37. Based on its biological 
importance and degree of anthropogenic and economic 
pressure exerted on this area, the Philippine Biodiversity 
Conservation Priorities (PBCP) identified Mt. Palay-Palay as 
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one of the 43 priority areas for plant conservation (or 
important plant areas) (DENR-PAWB, Cl, and UP-CIDS, 
2003). Mt. Palay-Palay was followed by Kabangaan with H’= 
3.97 and Buhay with 3.75. Evercrest forest fragment had the 
lowest diversity as shown by its H’ value of 2.79 and the 
lowest evenness of 0.70 as this fragment was dominated by 
two species, Bischofia javanica and Neotrewia cumingii. 


The importance value indices (IVls) of tree species of the 
forest fragments fall within the range of IVIs of tropical forest 
inventories ranging from 12.5-52.4 (Pipoly and Madulid, 
1997) and even higher in the case of Evercrest with 8. 
yavanica having an IVI of 70.99. The most important species 
for the fragments were Swietenia macrophylla (Buhay), B. 
javanica (Evercrest), Macaranga hispida (Indang), Ficus nota 
(Kabangaan), Planchonia spectabilis (Mt. Palay-Palay), and 
Barringtonia racemosa (Pintung Gubat). These species 
were also the most dominant species in their respective sites 
except F. nota (8" most dominant) in Kabangaan and 5. 
racemosa (2™ most dominant) in Pintung Gubat. By having 
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Table 2. Summary of the species richness, IVIs, diversity indices, and ecological status. 


i Ecological stat 
Fragment Number of Most 577: IVI H cological status 
trees families genera species Species E N l 

Buhay 470 29 60 75 S. macrophylla 22.01 3.75 16 (21.3%) 51 (68.0%) 8 (10.7%) 
Evercrest 320 29 48 55 B. javanica 70.99 2.79 20 (36.496)  34(61.8%) 1(1.896) 
Indang 157 22 33 41 HM.hispida 29.70 3.29 11 (26.876) 26 (63.476) 4(9.8*) 
Kabangaan 480 35 62 86 FL nota 18.84 3.97 23(26.7%) 60 (69.896) 3 (3.596) 
Palay-Palay 1278 44 102 132 Р. spectabilis 18.20 4.37 39 (29.596) 80 (60.6%) 13 (9.8%) 
Pintung 

Gubat 148 19 31 37 B. racemosa 48.18 3.08 10 (27.0%) 23 (62.2%) 4 (10.8%) 
Total 2853 50 127 174 44 (25.396) 114 (65.5%) 16 (9.296) 
Shannon's diversity index (H'); Ecological status, E = endemic, N = native, | = introduced/exotic 


the largest basal area, dominant species contributed to bigger 
canopy closure that hindered the growth of shade tolerant 
species located in the understorey. The dominant species 
may be the densest, possess the highest biomass, occupy 
the most space, dictate energy flow and nutrient cycling, or by 
some other means control the structure and function of forest 
ecosystems by exerting a strong influence over the 
occurrence and distribution of other species (Smee, 2010; Hu 
et al., 2008; Smith and Smith, 2002). 


The most important species may also be the keystone 
species in each site. The importance of keystone species lies 
in its/their highly specialized relationship to other species 
(Primack, 2006). In this study, those identified as most 
important species (such as Anthocephalus chinensis, 
Antidesma spp., Bauhinia malabarica, Bischofia javanica, 
Broussonetia luzonica, Canarium spp., Cinnamomum 
mercado, Dillenia philippinensis, Diospyros blancoi, 
Endospermum peltatum, Ficus spp., Gmelina arborea, 
Macaranga spp., Mangifera indica, Melanolepis 
multiglandulosa, Parkia roxburgii, Pisonia umbellifera, P. 
spectabilis, Pometia pinnata, Prunus grisea, Pterocymbium 
tinctorium, Samanea saman, Sandoricum koetjape, Syzygium 
calubcob, Terminalia nitens, and Vitex parviflora) were 
sources of food (mainly fruits and seeds) to primates, birds, 
and other frugivorous vertebrates throughout the year. 
Frugivorous organisms serve as vital agents in the 
recruitment of wild food plants in forest patches and open 
areas (Tucker and Murphy, 1998). 


Endemicity 

Assessment of ecological status revealed that of the 174 
species 114 (65.5%) are native/indigenous, 44 (25.3%) are 
endemic, and 16 (9.2%) are exotic/introduced species. 
Percentage of endemic species in Cavite ranged from 21% to 
36% for the fragments and 25% for the whole province. This 
is low compared to the Philippines’ flowering plant endemism 
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ranging from 45% to 65% (Catibog-Sinha and Heaney, 2006; 
Mittermeier ef a/, 1999; DENR-UNEP, 1997). Percentage of 
native species ranged from 61.0 % to 72% for the fragments 
and 66% for the province while exotic species from 1.8% - 
9.8% for the fragments and 9.2% for the province. Exotic 
species such as Anacardium occidentale, Artocarpus 
heterophyllus, Ceiba pentandra, Coffea arabica, Gliricidia 
sepium, Leucaena leucocephala, Mangifera indica, Psidium 
guajava, and Spathodea campanulata have long been 
introduced into the country and have become naturalized 
throughout the country. However, 5 exotic species (Acacia 
mangium, A. auriculiformis, G. arborea, S. saman, and S. 
macrophylla) were deliberately introduced to mixed forests of 
Mt. Palay-Palay and Buhay as fast-growing species 
traditionally used by the government in its reforestation 
projects and industrial tree plantation in the country (Catibog- 
Sinha and Heaney, 2006; AKECOP, 2005; Lasco and Pulhin, 
2003). 


Conservation Status 

The Philippines has 8000+ angiosperm species of which 440 
are threatened (Amoroso and Aspiras, 2011). Cavite has 39 
angiosperm species included in the IUCN 2011 Red List of 
Threatened Species and in The National List of Threatened 
Philippine Plants and their Categories (DENR, 2007) and of 
these, 19 (48.7%) are endemic (Tables 2 and 4). Cavite’s 
threatened tree species represent 22.4% of the total number 
of species in Cavite and 8.9% of all threatened angiosperms 
in the Philippines. For trees listed as vulnerable (VU), 
endangered (EN), and critically endangered (CR), 
percentage of Red List or threatened species ranged from 
12.2% -18.2% for the sites and 16.7% for Cavite with 16 
endemic species included in the list (Table 3). 


The five critically endangered tree species are Shorea guiso, 


Diospyros blancoi, Pterocarpus indicus, Toona calantas, and 
Clerodenarum quadriloculare. Two fragments, Buhay and 
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Table 3. An assessment of threatened species observed in the fragments. 


Fragment Number of 
species CR 
Buhay 75 3 
Evercrest 55 3 
Indang 41 1 
Kabangaagn 86 1 
Palay-Palay 132 3 
Pintung Gubat 37 1 
Total 174 5 


CR = critically endangered, EN = endangered, VU = vulnerable, OTS = 


OWS = other wildlife species/least concern 


IUCN Red List Category 


Total % 

EN VU OTS OWS/LR 

4 5 4 3 19 25.33 
- 6 3 2 14 25.45 
1 3 2 - 7 17.07 
1 11 3 5 21 24.42 
5 15 4 6 33 25.00 
1 3 2 - 7 18.92 
5 18 4 7 39 22.41 


other threatened species, 


(Philippines = 440 threatened angiosperms; from Amoroso and Aspiras, 2011) 


(See Table 4 for assessment per species) 


Mt. Palay-Palay, are very important in the conservation of 5 
endangered tree species: Diospyros  pllosanthera, D. 
pyrrocarpa, Afzelia rhomboidea, Lithi chinensis, and Vitex 
parviflora. Mt. Palay-Palay and Kabangaan, however, are 
very important in the conservation of a majority of the 
vulnerable species. Overall, Mt. Palay-Palay houses the most 
number of threatened species. It is also home to 39 endemic 
tree species and notably the Cavite endemic species, 
Impatiens caviteana. 


In addition, two species are also being threatened by trade as 
listed under the Convention on İnternational Trade of 
Endangered Species of Wild Flora and Fauna (CITES). These 
are S. macrophylla (used as logs, sawn wood, veneer sheets 
and plywood) and Cyathea sp. (trunks are used in orchid- 
culture industry; Heaney and Regalado, 1998). 


The gravest threat to Kabangaan is conversion of the 
remaining forest areas into agricultural plantations though 
riparian areas may be spared due to their steep slopes and 
difficult terrain. Evercrest is subjected to the least threat since 
the owner of this fragment strictly prohibited cutting of trees 
and harvesting of forest products and further encouraged 
family members to continue conserving this site. In a 
conversation with the head of security of the Evercrest Golf 
Club Resort, it was learned that security guards regularly 
patrolled the periphery and interior of the forest. However, 
small traps (Figure 3A) were also observed inside the forest 
which represent a threat to its fauna. Among the managed 
areas, Mt. Palay-Palay is subjected to more serious threats 
such as illegal logging, firewood gathering, poaching, 
quarrying, slash-and-burn or ‘kaingin, harvesting of non- 
timber forest products and even used as pasture areas. In 
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most of the visits chain saws were heard throughout the day 
starting as early as 5:00 to 6:00 in the morning. When Mt. 
Mataas-na-Gulod (one of the peaks) was visited, several 
logging sites were also encountered (Figure 3B) proving that 
illegal logging still happens in the interior of the protected 
area. Poaching, especially of wild boars, monkeys, birds, 
monitor lizards (including the possible new species, Varanus 
olivaceus) was also observed. Some traps were left 
unchecked causing unnecessary death to animals (Figure 
3C). The gravest threat so far is quarrying inside the 
protected area removing vast tracts of forests including its 
fauna (Figure 3D). Among the fragments accessible to the 
public, Buhay is subjected to threats such as logging, 
harvesting of forest products such as firewood, conversion to 
agricultural lands, and hunting of animals among others. The 
gravest threats being charcoal-making and kaingin (Figures 
3E and F). 


Overall, tree species diversity in Cavite’s remaining forest 
fragments is high but all of these fragments are also 
subjected to different forms of anthropogenic pressures 
which can affect not only tree species but other fauna and 
flora as well. It is therefore highly recommended that these 
areas be protected and conserved including the diverse 
fauna and flora associated with these areas. 
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